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Description 



DISCHARGE SURFACE TREATMENT ELECTRODE, MANUFACTURING METHOD 
THEREOF AND DISCHARGE SURFACE TREATING METHOD 

Technical Field 

This invention relates to improvements in a discharge 
surface treatment electrode and a manufacturing method thereof 
and a discharge surface treatment method used for discharge 
surface treatment for causing discharge to occur between the 
electrode and a workpiece and forming a hard film made of 
electrode material on the workpiece surface by the discharge 
energy or a hard film made of a substance resulting from the 
electrode material reacting with by the discharge energy on 
the workpiece surface. 

Background of the Invention 

Hitherto, a discharge surface treatment method, for 
example, disclosed in JP~A-5-148615 has been available as an 
art of forming a hard film on a workpiece surface for providing 
corrosion resistance and abrasion resistance. This art 
provides a discharge surface treatment method of metal material 
consisting of two steps of per formingprimary working (laying-up 
working) using a compacted powder electrode of a discharge 
surface treatment electrode comprising WC (tungsten carbide) 



powder and Co (cobalt) powder mixed and compressed and molded 
and then replacing the electrode with an electrode comparatively 
less quickly consumed such as a copper electrode and performing 
secondary working (re-melt working) , This method can form a 
hard film having strong adhesion to a copper material, but is 
difficult to forma hard f ilmhaving strong adhesion to a sintered 
material such as a hard alloy. 

However, our study finds out that if a material for forming 
hard carbide such as Ti (titanium) is used as a discharge surf ace 
treatment electrode and discharge is caused to occur between 
the electrode and a metal material of a workpiece, a hard film 
can be formed on the metal surface of the workpiece without 
a re-melt step. The reason why a strong hard film can be formed 
is that with the discharging, the consumed electrode material 
and C (carbon) of a component of work liquid react with each 
other to produce Tie (titanium carbide) . It is also found out 
that if discharge is caused to occur between a compacted powder 
electrode of a discharge surface treatment electrode made of 
metal hydride such as TiH2 (titanium hydride) and a metal 
material of a workpiece, a hard film can be formed more rapidly 
and with higher adhesion as compared with the case where Ti 
etc. is used as the material. Further, it is found out that 
if discharge is caused to occur between a compact powder 
electrode of a discharge surface treatment electrode comprising 
any other metal or ceramics mixed with hydride such as TiH2 



and a metal material of a workpiece, a hard film having various 
properties of hardness, abrasion resistance, etc., canbe formed 
more quickly. 

Such a method is disclosed, for example, in 
JP-A-192937/1997 . A configuration example of a discharge 
surface treatment electrode and an apparatus used for such 
discharge surface treatment will be discussed with reference 
to FIG. 7. In the figure, numeral 1 denotes a compacted powder 
electrode of a discharge surface treatment electrode comprising 
TiH2 powder compressed andmolded, numeral 2 denotes a workpiece, 
numeral 3 denotes a work tank, numeral 4 denotes work liquid, 
numeral 5 denotes a switching element for switching voltage 
and current applied to the compact powder electrode 1 and the 
workpiece 2, numeral 6 denotes a control circuit for controlling 
turning on/off the switching element 5, numeral 7 denotes a 
power supply, numeral 8 denotes a resistor, and numeral 9 denotes 
a formed hard film. According to such a configuration, 
discharge is caused to occur between the compact powder electrode 
1 and the workpiece 2 and the hard film 9 can be formed by the 
discharge energy on the surface of the workpiece 2 made of steel, 
a hard alloy, etc. 

Such formation of a hard film made of carbide, etc., on 
a workpiece by discharge surface treatment is executedby forming 
a film of carbide on the workpiece by heat energy of discharge 
using the carbide which becomes the component of the hard film 



to be formed as a component of the discharge surface treatment 
electrode or by using metal containing the carbide which becomes 
a component of the hard film to be formed or a compound of that 
metal as the component of the discharge surface treatment 
electrode and causing the metal or the metal compound to react 
with a component of work liquid^ Q, by heat energy of discharge 
to form a hard film made of carbide on the workpiece. 

Here, if the component of the discharge surface treatment 
electrode is only a material having comparatively high hardness 
such as carbide, powder of the discharge surface treatment 
electrode component cannot be fixed by compression molding of 
press and thus usually a material having comparatively low 
hardness is mixed as a binder. However, if Co (cobalt) , etc., 
used as a binder to manufacture a sintered alloy, etc. , is mixed 
as an electrode material, it is a material not producing carbide 
and thus the hardness of a hard film formed on a workpiece becomes 
low and the material cannot be used for such application where 
high abrasion resistance is required; this is a problem. Some 
materials in the hard film formed on the workpiece may be poor 
in compatibility with the base material of the workpiece and 
in such a case, there is a problem of weakening the adhesive 
strength of the hard film. 

Disclosure of the Invention 

It is an object of the invention to solve the 



above-mentioned problems and provide a discharge surface 
treatment electrode and a manufacturing method thereof and a 
discharge surface treatment method capable of enhancing the 
hardness and strength of a hard film formed on a workpiece by 
discharge surface treatment. 

According to the invention, there is provided a discharge 
surface treatment electrode used for discharge surface 
treatment causing discharge to occur between the electrode and 
a workpiece in work liquid containing carbon and forming a hard 
film containing metal carbide as a component on the surface 
of the workpiece by discharge energy, wherein the metal 
carbide and metal contained in the metal carbide or a compound 
of that metal or any other metal forming the hard carbide or 
a compound of that metal are contained as material of the 
discharge surface treatment electrode • 

The metal carbide is metal carbide of metal or a metal 
compound contained in material of the workpiece • 

The material of the discharge surface treatment electrode 
contains WC and W. 

According to the invention, there is provided a 
manufacturing method of a discharge surface treatment electrode 
used for discharge surface treatment causing discharge to occur 
between the electrode and a workpiece in work liquid containing 
carbon and forming a hard film containing metal carbide as a 
component on a surface of the workpiece by discharge energy, 
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wherein powder of the metal carbide and powder of metal contained 
in the metal carbide or powder of a compound of the metal or 
powder of any other metal forming hard carbide or powder of 
a compound of the metal are mixed and are compressed and molded 
to fo2rm the discharge surface treatment electrode. 

Wax is added to the material of the discharge surface 
treatment electrode and then they are compressed and molded 
and are heated at a temperature at least as high as that at 
which the wax is melted and no higher than the temperature at 
which the wax is decomposed to produce soot, for evaporating 
and removing the wax to form the discharge surface treatment 
electrode . 

According to the invention, there is provided a discharge 
surface treatment method for causing discharge to occur between 
a discharge surface treatment electrode and a workpiece in work 
liquid containing carbon and forming a hard film containing 
metal carbide as a component on the surface of the workpiece 
by discharge energy, wherein a discharge surface treatment 
electrode containing the metal carbide and metal contained in 
the metal carbide or a compound of that metal or any other metal 
forming hard carbide or a compound of that metal is used* 

The metal carbide is metal carbide of metal or a metal 
compound contained in material of the workpiece. 

The invention is configured as described above and thus 
has the advantage that the hardness and strength of a hard film 



formed on a workpiece by the discharge surface treatment can 
be enhanced • 

Brief Description of the Drawings 

FIG. 1 is a sectional view to show the concept of a discharge 
surface treatment electrode and a manufacturing method thereof 
according embodiment 1 of the invention. 

FIG. 2 is a drawing to show a discharge surface treatment 
method according to embodiment 1 of the invention. 

FIGs. 3A and 3B are schematic representations to show 
how a hard film is formed on a workpiece by the discharge surface 
treatment method according to embodiment 1 of the invention. 

FIG. 4 is a schematic representation to show another 
example of the discharge surface treatment method according 
to embodiment 1 of the invention. 

FIGs. 5A and 5B are schematic representations to show 
the concept of a manufacturing method of a discharge surface 
treatment electrode according to embodiment 2 of the invention. 

FIG. 6 is a drawing to show an example of a vapor pressure 
curve of wax mixed with discharge surface treatment electrode 
material at the compressing and molding time of the discharge 
surface treatment electrode according to embodiment 2 of the 
invention. 

FIG. 7 is a drawing to show a configuration example of 
a discharge surface treatment electrode and an apparatus in 
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a related art. 

Best Mode for Carrying out the Invention 
Embodiment 1 

FIG . 1 is a sectional view to show the concept of a discharge 
surface treatment electrode and a manufacturing method thereof 
according embodiment 1 of the invention . In the f igure^^ numeral 

10 denotes a discharge surface treatment electrode, numeral 

11 denotes WC (tungsten carbide) powder, numeral 12 denotes 
W (tungsten) powder, numeral 13 denotes an upper punch of a 
mold, numeral 14 denotes a lower punch of the mold, and numeral 
15 denotes a mold die. The WC powder 11 and the W powder 12 
are mixed and entered in the press mold and compressed andmolded, 
thereby forming the discharge surface treatment electrode 10. 

To enhance the hardness of a hard film formed on a workpiece, 
it is desirable that the component of the discharge surface 
treatment electrode should be only a material having 
comparatively high hardness such as carbide to make the film 
component of only a material having higher hardness, as 
previously described in Background of the Invention. Some 
material of the hard film formed on the workpiece may be poor 
in compatibility with the base material of the workpiece and 
a problem of weakening the adhesive strength of the hard film, 
etc., may occur. Thus, a material having good compatibility 
with the base material of the workpiece needs to be mixed in 
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the discharge surface treatment electrode. 

In the invention according to embodiment 1, to make the 
film component of only a material having higher hardness and 
provide good compatibility between the base material of the 
workpiece and the hard film formed on the workpiece, as discharge 
surface treatment electrode material, powder of hard metal 
carbide having higher hardness and powder of material contained 
in the base material of the workpiece and reacting with C (carbon) 
contained in work liquid to form the above-mentionedhard carbide 
are mixed and compressed and molded for forming a discharge 
surface treatment electrode. 

For example, the discharge surface treatment electrode 
10 in FIG, 1 shows the case where a sintered hard alloy of a 
sintered material of WC and Co are the main materials of the 
workpiece . The hardness of the sintered hard alloy is HV= about 
1300 to 2000 asmicroVickers hardness, because the whole hardness 
is degraded since soft Co is mixed although the hardness of 
WC is HV=about 2400 • The discharge surface treatment electrode 
10 in FIG. 1 consists of WC and W, and a film of only WC having 
higher hardness can be formed on the workpiece by discharge 
surface treatment using the electrode. WC is the same material 
as the component of the sintered hard alloy and thus has good 
compatibility with the sintered hard alloy of the base material 
and can provide strong adhesion. FIG. 2 shows a discharge 
surface treatment method according to embodiment 1 of the 



invention, and FIGs. 3A and 3B show how a hard film is formed 
on a workpiece by the discharge surface treatment method 
according to embodiment 1 of the invention. In the figures,^ 
numeral 3 denotes a work tank, numeral 4 denotes work liquid 
containing C as a component thereof, numeral 10 denotes a 
discharge surface treatment electrode consisting of WC and W, 
numeral 16 denotes a workpiece of a sintered hard alloy, numeral 

17 denotes a discharge surface treatment power unit, numeral 

18 denotes an arc electrode of discharge, numeral 19 denotes 
a discharge surface treatment electrode component melted by 
discharge heat and moved to the workpiece side, and numeral 
20 denotes a hard f ilmmade of WC. When discharge occurs between 
the discharge surface treatment electrode 10 and the workpiece 
16 by the discharge surface treatment power unit 17 in FIG, 
2, the discharge surface treatment electrode 10 is melted by 
discharge heat and is emitted between electrodes and the 
discharge surface treatment electrode component 19 melted by 
discharge heat and moved to the workpiece side is deposited 
on the workpiece 16, as shown in FIG • 3A. Next, W of the component 
of the discharge surface treatment electrode 10 reacts with 
C of the component of the work liquid 4 to produce WC and together 
with WC of the component of the discharge surface treatment 
electrode 10 the hard film20made of WC is formed on the workpiece 
16, as shown in FIG. 3B. 

FIG. 4 shows another example of the discharge surface 
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treatment method according to embodiment 1 of the invention; 
it shows the case where the workpiece is a steel material. In 
the figure, numeral 3 denotes a work tank, numeral 4 denotes 
work liquid containing C as a component thereof, numeral 17 
denotes a discharge surface treatment power unit, numeral 18 
denotes an arc electrode of discharge, numeral 21 denotes a 
discharge surface treatment electrode consisting of WC and Fe 
(iron) , and niomeral 22 denotes a workpiece of a steel material. 
Thus, to form a film on the workpiece 22 of a steel material, 
Fe of the base material of the workpiece 22 is mixed as a material 
of the discharge surface treatment electrode 21, whereby a film 
having strong adhesion can be formed* 
Embodiment 2 . 

FIGs. 5A and 5B are drawings to show the concept of a 
manufacturing method of a discharge surface treatment electrode 
according to embodiment 2 of the invention. In the figure, 
numeral 10 denotes a discharge surface treatment electrode, 
numeral 11 denotes WC powder, numeral 12 denotes W powder, 
numeral 23 denotes wax such as paraffin, numeral 24 denotes 
a vacuum furnace, numeral 25 denotes a high-frequency coil, 
and numeral 2 6 denotes a vacuum atmosphere . The wax 23 is mixed 
with mixed powder of the WC powder 11 and the W powder 12 and 
they are compressed and molded to form a compacted powder 
electrode, whereby the mold property can be improved remarkably . 
However, since the wax 23 is an insulating substance, if it 



is left in the electrode in a large amount, the electric 
resistance of the electrode grows and thus the discharge property 
is worsened. Then, it becomes necessary to remove the wax 23. 
FIG. 5A shows how the compact powder electrode into which the 
wax 23 is mixed is entered in the vacuum furnace 21 and is heated • 
It is heated in the vacuum atmosphere 2 6, but may be heated 
in gas such as hydrogen or argon gas. The compacted powder 
electrode in the vacuum furnace 24 is high-frequency-heated 
by the high-frequency coil 25 installed surrounding the vacuum 
furnace 24. At this time, if the heating temperature is too 
low, the wax 23 cannot be removed; if the temperature is too 
high, the wax 23 becomes soot, degrading the purity of the 
electrode. Thus, it is necessary to keep the temperature at 
the temperature at which the wax 23 is melted or more and at 
the temperature at which the wax 23 decomposes to form soot 
or less. FIG. 6 shows a vapor pressure curve of wax having 
a boiling point of 250°C as an example. If the atmospheric 
pressure of the vacuum furnace 24 is kept at the vapor pressure 
of the wax 23 or less, the wax 23 is evaporated and removed 
and the discharge surface treatment electrode 10 consisting 
of WC and W can be provided, as shown in FIG. 5B. 

In the description given above, the discharge surface 
treatment electrode 10 consisting of WC and W and the discharge 
surface treatment electrode 21 consisting of WC and Fe have 
been explained, but any other material can be mixed into the 



12 



# 



discharge surface treatment electrode depending on the 
workpiece, of course . For example, if the workpiece is titanium 
metal, to form a hard film on the workpiece, a film having good 
compatibility with the base material of the workpiece can be 
formed by using TiC (titanium carbide) and Ti (titanium) , TiC 
and Ti02 (titanivim oxide), TiC and TiH2 (titanium hydride), 
or the like in combination. 

Industrial Applicability 

As described above, the discharge surface treatment 
electrode and the manufacturing method thereof and the discharge 
surface treatment method according to the invention are suited 
for use as industries involving surface treatment for forming 
a hard film on the surface of a workpiece. 
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Claims : 

1, A discharge surface treatment electrode used for discharge 
surface treatment of causing discharge to occur between said 
electrode and a workpiece in work liquid containing carbon and 
forming a hard film containing metal carbide as a component 
on a surface of the workpiece by discharge energy, characterized 
in that 

the above metal carbide and metal contained in the metal 
carbide or a compound of that metal or any other metal forming 
a hard carbide or a compound of that metal are contained as 
material of said discharge surface treatment electrode. 

2 . The discharge surface treatment electrode as claimed in claim 

1 wherein the metal carbide is metal carbide of metal or a metal 
compound contained in material of the workpiece. 

3 ♦ The discharge surface treatment electrode as claimed in claim 

2 wherein the material of said discharge surface treatment 
electrode contains WC and W. 

4. A manufacturing method of a discharge surface treatment 
electrode used for discharge surface treatment causing 
discharge to occur between said electrode and a workpiece in 
work liquid containing carbon and forming a hard film containing 
metal carbide as a component on the surface of the workpiece 
by discharge energy, characterized in that 

powder of the metal carbide and powder of the metal 
contained in the metal carbide or powder of a compound of the 
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metal or powder of any other metal forming a hard carbide or 
powder of a compound of that metal are mixed and are compressed 
and molded to form the discharge surface treatment electrode. 

5. The manufacturing method of a discharge surface treatment 
electrode as claimed in claim 4 wherein wax is added to the 
material of the discharge surface treatment electrode and then 
they are compressed and molded and are heated at a temperature 
at which the wax is melted or more and at a temperature at which 
the wax is decomposed to produce soot or less, for evaporating 
and removing the wax to form the discharge surface treatment 
electrode- 

6. A discharge surface treatment method for causing discharge 
to occur between a discharge surface treatment electrode and 
a workpiece in work liquid containing carbon and f oirming a hard 
film containing metal carbide as a component on a surface of 
the workpiece by discharge energy, characterized in that 

the discharge surface treatment electrode containing the 
metal carbide and metal contained in the metal carbide or a 
compound of the metal or any other metal forming hard carbide 
or a compound of the metal is used. 

7. The discharge surface treatment method as claimed in claim 
6 wherein the metal carbide is metal carbide of metal or a metal 
compound contained in material of the workpiece. 
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Abstract 

WC powder (11) and W powder (12) are mixed and entered 
in a press mold and compressed and molded, thereby forming a 
discharge surface treatment electrode (10) . Discharge is 
caused to occur between the discharge surface treatment 
electrode (10) and a workpiece (16) by a discharge surface 
treatment power unit (17) , whereby a component of the discharge 
surface treatment electrode (10) melted by discharge heat is 
depositedon the workpiece (16) . W, a component of the discharge 
surface treatment electrode (10)^ reacts with C, a component 
of work liquid (4) , to produce WC and together with the WC which 
is a component of the discharge surface treatment electrode 
(10) a hard film (20) made of WC is formed on the workpiece 
(16) , The hardness and strength of the hard film formed on 
the workpiece (16) by the discharge surface treatment can be 
enhanced. 




10/049311 



1/7 



FIG. 1 



2/7 





FIG. 5B 

in 26 




0.01 



0.001 



100 200 
TEMPERATURE (X) 



DeclaraiPn and Power of Attorney fflPpatent Application 
Japanese Language Declaration 



As a below named inventor, I hereby declare that: 



My residence, post office address and citizenship are as 
stated next to my name, 



I believe I am the original, first and sole inventor (if only one 
name is listed below) or an original, first and joint inventor (if 
plural names are listed below) of the subject matter which is 
claimed and for which a patent is sought on the invention 
entitled 



DISCHARGE SURFACE TREATMENT ELECTRODE, 



MANUFACTURING METHOD THEREOF AND 



DISCHARGE SURFACE TREATING METHOD 



± IH ^ CO ^ ^ ( T 12 to -ex O V^r V>/j: V^:^ 

il.;*:^(c:^f^)ll. 



the specification of which is attached hereto unless the 
following box is checked: 



— was filed on September 30^ 1999 



as United States Application Number or 
POT International Application Number 



PCT/JP99/05363 



and was amended on 



(if applicable). 



I hereby state that I have reviewed and understand the 
contents of the above-identified specification, including the 
claims, as amended by any amendment referred to above. 



I acknowledge the duty to disclose information which is 
material to patentability as defined in Title 37. Code of 
Federal Regulations. Section 1 .56. 



Page 1 of 3 



Japanese Language Dec' 



tion 



^mc^ 5g -r 5 fw. 05 5fe It §g LTV^:5:^ ttl J§ o ill 



I hereby claim foreign priority under Title 35, United States 
Code, Section 119(a)-(d) or 365(b) of any foreign application (s) 
•for patent or inventor's certificate, or 365(a) of any PCT 
International application which designated at least one country 
other than the United States, listed below and have also 
identified below, by checking the box, any foreign application for 
patent or inventor's certificate, or PCT International application 
having a filing date before that of the application on which 
priority is claimed. 



Prior Foreign Applications 



(Number) 



(Number) 



(Numlser) 



(Country) 



(Country) 



(Country) 



(Day/MonthA'ear Filed) 



(Day/MonthA'ear Filed) 

imm^M P ) 



(Day/Month/Year Filed) 



Priority Not Claimed 
□ 

□ 

□ 



1 hereby claim the benefit under Title 35, United States Code, 
Section 119(e) of any United States provisional application(s) 
listed below. 



(Application No.) (Filing Date) 

mxn^n^ti^'^xm^^infz:^^x9crf-r^^m^n 
mm{zm7r^^tix\^^fj:\^^m*).'t<o9cff7¥:mmm^mm 0 £a 
^x^mm^(DB :^mi^xn^nw^:h^.mm^.mmmm 

xm7r^m^ii>'-h^zt^t&^LX\^'^t.i-. 



(Application No.) (Filing Date) 

mm^^-) (tb^0) 

I hereby claim the benefit of Title 35, United States Code 
Section 120 of any United States application (s), or 365(c) of 
any PCT International application designating the United States, 
listed below and, insofar as the subject matter of each of the 
claims of this application is not disclosed in the prior United 
States or PCT International application in the manner provided 
by the first paragraph of Title 35, United States Code Section 
112, I acknowledge the duty to disclose any material 
information which is material to patentability as defined in Title 
37, Code of Federal Regulations, Section 1.56 which became 
available between the filing date of the prior application and the 
national or PCT International filing date of this application: 



(Application No.) 



(Filing Dale) 

(mmB) 



(Status: Patented. Pending, Abandoned) 



(Application No.) 



(Filing Date) 

(ajjsp) 



fill. %^^<D^^[zm-:^^^X:^'E'B'^XU^'-rr'?^<m:^'^ 
n^XM. :^^^U<0?.^l.ti\nnt^L(D{Z'i*^tZ^\z^-:^< 
r<m:^'^±XU^Xh^tia\:.X^'^^Zt. ^h{:i^^A^^J:^Mz 

^zt. ^i.x^<Dx^^j:^^Azx^^i^(D^m^n±ii. mmL 
fc. X{t^\:.n-^^rifz^^n<D^^\±i;i'^^r:>tLozt^t2^^ 

X^XZZ\z±t^<Dz:t<'K^^:^l^t.'r. 



(Status: Patented, Pending, Abandoned) 

I hereby declare that all statements made herein of my own 
knowledge are true and that all statements made on information 
and belief are believed to be true; and further that these 
statements were made with the knowledge that willful false 
statements and the like so made are punishable by fine or 
imprisonment, or both, under Section 1001 of Title 18 of the 
United States Code and that such willful false statements may 
jeopardize the validity of the application or any patent issued 
thereon. 



Page 2 of 3 



Japanese Language DedB^ation 




POWER OF ATTORNEY: As a named inventor, I hereby 
appoint the following attorney(s) and/or agent(s) to 
- prosecute this application and transact all business in the 
Patent and Trademark Office connected therewith {J/st 
name and registration number) 



John H. Mion. Reg. No.JLB^ Thomas J. Macpeak, Reg. No . 19292: Robert J. Seas. Jr.. Reg. No.2LQ22LDarTyl Mexic 
Reg. No.^ 23,061; Robert V. Sloan, Reg. No.,22J25; Peter D. Olexy.'Reg. No. 24^13 ; J. Frank Osha, Reg. No. 24,625* 
Waddell A. Biggart, Reg. No . 24,861 ; Louis Gubinsky, Reg. Nq, 24,835; Neil B. ^iegel^Reg. N o. 25J200:^ David J. Gushing ^ 
Reg. No^28j703LJohn R. Inge, Reg. N o. 26.91 6; Joseph J. Ruch. Jr., Reg. No. 26,S77 ; Sheldon I. Landsman, Reg. No. 25,430; 
Richard C. Turner, Reg. No^29J10; Howard L. Bernstein, Reg. No . 25,665 rAJan J. Kasper, Reg. No. 25,426; Ki nneth<j ' 
Burchfiel. Reg. No.^^JLSaaj'tjordon Kit, Reg. No.jQ.764! Susan J. Mack, Reg. No. 30,951 ; Frank L. Bemsleih, Reg. No 
^lAM^Mzrk Boland. Reg. No^^i92; William H. Mandir, Reg. No. 32.156; Scotl Nf, Daniels. Reg. No. 32,^62; n r\^n w. 
Hannon, Reg. No. 32,77?; Abraham J. Rosner, Reg. No. 3i22fiiJPrucc E, Kramer, Reg. No. 33,725; Paul F. Neils, Reg. No. 
a34^nd Brett S. Sylvester. Reg. Ncu22^ ^ 



Send Correspondence to: 
SUGHRUE. MION, ZINN, MArPFAK ^ .c;P/\.c;, PLLC 
^2100 Pennsylvania Avenue, N.W.. Washington, D.C. 20037-3202 



Direct Telephone Calls to: (name and telephone number) 
(202)293-7060 



3 2 

W 



if Irr 
S s 







Full name of sole or first inventor 




AKxnxiro GUio 






Inverjtor's signature Date 
/y /tt/i^Ax^ ^^9/2) December 21, 2001 






Residence ^ 
Tokvcu Japan ^ 




Citizenship 
Japan 




Post office address 

c/o Mitsubishi Denki Kabushiki Kaisha, 
2-3, Marunouchi 2-chome, Chivoda-ku, 




Tokyo 100-8310, Japan 






Full name of second joint inventor, if any 

Toshio MORO 






Sec^d^in^ntor's signature Date 

^/c<i^A/l ^^^^ 21, 200: 






Resicferrce ■ 

Tokyo , Japan ^^T^^^^v 






Citizenship 
Japan 




Post office address 
c/o Mitsubishi Denki Kabushiki Kaisha, 




Tokyo 100-8310, Japan 



(^^^P^fiO^|5j|S^#(coi^rt>l5lKtcia*ScL.SiS^i-Sr (Supply similar information and signature for 
^- ^ subsequent joint inventors.) 
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